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ABSTRACT A draft genome of a novel Dictyoglomus sp., NZ13-RE01, was obtained
from a New Zealand hot spring enrichment culture. The 1,927,012-bp genome is
similar in both size and GC content to other Dictyoglomus spp. Like its relatives,
Dictyoglomus sp. NZ13-RE01 encodes many genes involved in complex carbohydrate
metabolism.
Dictyoglomus spp. form a distinct bacterial phylum, with only two described specieswith genome sequences, D. turgidum (1) and D. thermophilum (2, 3). Dictyoglomus
spp. have been detected in thermophilic environments, such as terrestrial hot springs
(2, 4–8) and paper pulp factory effluent (9), and they have an unusual morphology
consisting of large spherical bodies assembled from bundles of filamentous cells (2, 5,
9). Dictyoglomus spp. are of industrial interest due to their capability to ferment a wide
range of complex carbohydrates, including starch, cellulose, xylan, and pectin (2, 8, 10,
11). Due to the low number of representative genomes, their phylogenetic placement
within the domain Bacteria is not certain as Dictyoglomus spp. are, although they
appear to be affiliated most closely with a cluster containing Coprothermobacter,
Synergistes, Acetothermia, and Thermotogales (1, 12, 13).
We obtained a genome of a novel Dictyoglomus sp., NZ13-RE01, from a New Zealand
hot spring enrichment culture (Hell’s Gate, Tikitere, New Zealand, 38°03=47S,
176°21=39E, pH 6.0, 74°C). Enrichments were incubated at 80°C for 4 days in a modified
anaerobic DSMZ medium (no. 88) containing yeast extract (0.5 g/liter) and tryptone
(0.5 g/liter). Spherical bodies were apparent in the enrichment cultures by phase-
contrast microscopy. DNA was extracted using the Qiagen DNeasy blood and tissue kit.
Metagenome Nextera DNA libraries were sequenced on the Illumina MiSeq platform.
Adapters and low-quality reads were trimmed using Trimmomatic (14), reads were
assembled with IDBA-UD version 1.1.0 (15, 16), and contigs 1 kb were binned using
MaxBin version 1.4.5 (17). To optimize the assembly, the reads were mapped back to
the Dictyoglomus sp. NZ13-RE01 draft genome using Bowtie2 version 2.2.5 (18) and
SAMtools version 1.2 (19, 20) and reassembled with IDBA-UD. The genome was further
curated using emergent self-organizing maps (21). Open reading frames were anno-
tated using the Rapid Annotations using Subsystems Technology (RAST) server (22–24),
the NCBI Prokaryotic Genome Annotation Pipeline (PGAP) (25), the Clusters of Ortholo-
gous Groups of proteins (COG) database (26), and the dbCAN database (27). tRNAs were
predicted with tRNAscan-SE version 2.0 (28).
Based on CheckM (29) analysis, the Dictyoglomus sp. NZ13-RE01 genome is about
100% complete with no contamination. The 1,927,012-bp genome consists of 34
contigs, with a 33% GC content, 1,870 predicted protein-coding genes, and 48 tRNAs.
The Dictyoglomus sp. NZ13-RE01 genome has an average nucleotide identity (ANI)
score of 74% and an average amino acid identity (AAI) score of 65% compared to the
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genomes of both D. turgidum and D. thermophilum (30, 31). Further, Circos synteny
plots (32) show that the Dictyoglomus sp. NZ13-RE01 genome does not share the highly
syntenic genome arrangement found between D. turgidum and D. thermophilum (1).
Considering the dissimilarity in genome nucleotide and amino acid sequences, and the
low synteny in genome arrangement between NZ13-RE01 and either of the described
Dictyoglomus spp., it is likely that NZ13-RE01 represents a new species within the genus
Dictyoglomus.
The Dictyoglomus sp. NZ13-RE01 genome encodes an extensive suite of carbohy-
drate metabolism genes (63 glycosyl hydrolases, 10 carbohydrate esterases, and 28
glycosyltransferases), including -amylases, -xylosidases, a chitinase, endo-1,4- xyla-
nases, and a -mannanase. Like other Dictyoglomus spp., the genome has a reverse
gyrase. The sporulation gene, spoVS, was also present and has been proposed to play
a role in morphological changes in Dictyoglomus spp. (1).
Accession number(s). The nucleotide genome sequence reported here has been
deposited in DDBJ/ENA/GenBank under the accession no. NIRF00000000. The version
described in this paper is the first version, NIRF01000000.
ACKNOWLEDGMENTS
We thank Yitai Liu for assistance with the enrichment cultures and Kristen Brileya
and Jennifer Meneghin for assistance in the initial stages of the project. We thank Haley
Nasman for her assistance in metagenomic analysis. We also thank the Tikitere Trust
(Whakapoungakau 24) for its continued support and for sampling access in the Hell’s
Gate geothermal area.
This work was funded by the National Science Foundation (grant no. DEB 1134877
to A.-L.R. and M.P.) and by the Geothermal Resources of New Zealand research program
at GNS Science (to M.B.S.).
REFERENCES
1. Brumm PJ, Gowda K, Robb FT, Mead DA. 2016. The complete genome
sequence of hyperthermophile Dictyoglomus turgidum DSM 6724TM
reveals a specialized carbohydrate fermentor. Front Microbiol 7. https://
doi.org/10.3389/fmicb.2016.01979.
2. Saiki T, Kobayashi Y, Kawagoe K, Beppu T. 1985. Dictyoglomus thermo-
philum gen. nov., sp. nov., a chemoorganotrophic, anaerobic, thermo-
philic bacterium. Int J Syst Evol Microbiol 35:253–259. https://doi.org/10
.1099/00207713-35-3-253.
3. Coil DA, Badger JH, Forberger HC, Riggs F, Madupu R, Fedorova N, Ward
N, Robb FT, Eisen JA. 2014. Complete genome sequence of the extreme
thermophile Dictyoglomus thermophilum H-6-12. Genome Announc 2(1):
e00109-14. https://doi.org/10.1128/genomeA.00109-14.
4. Patel BK, Morgan HW, Wiegel J, Daniel RM. 1987. Isolation of an ex-
tremely thermophilic chemoorganotrophic anaerobe similar to Dictyo-
glomus thermophilum from New Zealand hot springs. Arch Microbiol
147:21–24. https://doi.org/10.1007/BF00492899.
5. Hoppert M, Valdez M, Enseleit M, Theilmann W, Valerius O, Braus GH,
Föst C, Liebl W. 2012. Structure-functional analysis of the Dictyoglomus
cell envelope. Syst Appl Microbiol 35:279 –290. https://doi.org/10.1016/
j.syapm.2012.06.004.
6. Kublanov IV, Perevalova AA, Slobodkina GB, Lebedinsky AV, Bidzhieva SK,
Kolganova TV, Kaliberda EN, Rumsh LD, Haertlé T, Bonch-Osmolovskaya EA.
2009. Biodiversity of thermophilic prokaryotes with hydrolytic activities in
hot springs of Uzon Caldera, Kamchatka (Russia). Appl Environ Microbiol
75:286–291. https://doi.org/10.1128/AEM.00607-08.
7. Svetlichny VA, Svetlichnaya TP. 1988. Dictyoglomus turgidus sp. nov., a
new extremely thermophilic eubacterium isolated from hot springs of
the Uzon volcano caldera. Mikrobiology 57:435– 441.
8. Mathrani IM, Ahring BK. 1992. Thermophilic and alkalophilic xylanases
from several Dictyoglomus isolates. Appl Microbiol Biotechnol 38:23–27.
https://doi.org/10.1007/BF00169413.
9. Mathrani IM, Ahring BK. 1991. Isolation and characterization of a strictly
xylan-degrading Dictyoglomus from a man-made, thermophilic an-
aerobic environment. Arch Microbiol 157:13–17. https://doi.org/10
.1007/BF00245328.
10. Brumm P, Hermanson S, Hochstein B, Boyum J, Hermersmann N, Gowda
K, Mead D. 2011. Mining Dictyoglomus turgidum for enzymatically active
carbohydrases. Appl Biochem Biotechnol 163:205–214. https://doi.org/
10.1007/s12010-010-9029-6.
11. Kobayashi Y, Motoike M, Fukuzumi S, Ohshima T, Saiki T, Beppu T. 1988.
Heat-stable amylase complex produced by a strictly anaerobic and
extremely thermophilic bacterium, Dictyoglomus thermophilum. Agric
Biol Chem 52:615– 616. https://doi.org/10.1271/bbb1961.52.615.
12. Love CA, Patel BKC, Ludwig W, Stackebrandt E. 1993. The phylogenetic
position of Dictyoglomus thermophilum based on 16S rRNA sequence
analysis. FEMS Microbiol Lett 107:317–320. https://doi.org/10.1111/j
.1574-6968.1993.tb06050.x.
13. Nishida H, Beppu T, Ueda K. 2011. Whole-genome comparison clarifies
close phylogenetic relationships between the phyla Dictyoglomi and
Thermotogae. Genomics 98:370–375. https://doi.org/10.1016/j.ygeno.2011
.08.001.
14. Bolger AM, Lohse M, Usadel B. 2014. Trimmomatic: a flexible trimmer for
Illumina sequence data. Bioinformatics 30:2114 –2120. https://doi.org/10
.1093/bioinformatics/btu170.
15. Peng Y, Leung HCM, Yiu S-M, Chin FYL. 2010. IDBA—a practical iterative
de Bruijn graph de novo assembler, p. 426 – 440. In Annual International
Conference on Research in Computational Molecular Biology, Springer,
New York, NY. https://doi.org/10.1007/978-3-642-12683-3_28.
16. Peng Y, Leung HCM, Yiu SM, Chin FYL. 2012. IDBA-UD: a de novo
assembler for single-cell and metagenomic sequencing data with highly
uneven depth. Bioinformatics 28:1420 –1428. https://doi.org/10.1093/
bioinformatics/bts174.
17. Wu Y-W, Tang Y-H, Tringe SG, Simmons BA, Singer SW. 2014. MaxBin: an
automated binning method to recover individual genomes from met-
agenomes using an expectation-maximization algorithm. Microbiome
2:26. https://doi.org/10.1186/2049-2618-2-26.
18. Langmead B, Trapnell C, Pop M, Salzberg SL. 2009. Ultrafast and
memory-efficient alignment of short DNA sequences to the human
genome. Genome Biol 10:R25. https://doi.org/10.1186/gb-2009-10-3-r25.
19. Li H, Handsaker B, Wysoker A, Fennell T, Ruan J, Homer N, Marth G,
Abecasis G, Durbin R. 1000 Genome Project Data Processing Subgroup.
Reysenbach et al.
Volume 6 Issue 11 e00150-18 genomea.asm.org 2
2009. The Sequence Alignment/Map format and SAMtools. Bioinformat-
ics 25:2078 –2079. https://doi.org/10.1093/bioinformatics/btp352.
20. Li H. 2011. A statistical framework for SNP calling, mutation discovery,
association mapping and population genetical parameter estimation
from sequencing data. Bioinformatics 27:2987–2993. https://doi.org/10
.1093/bioinformatics/btr509.
21. Ultsch A, Mörchen F. 2005. ESOM-Maps: tools for clustering, visualiza-
tion, and classification with Emergent SOM. Technical Report, no 46
Department of Mathematics and Computer Science, University of Mar-
burg, Marburg, Germany.
22. Brettin T, Davis JJ, Disz T, Edwards RA, Gerdes S, Olsen GJ, Olson R,
Overbeek R, Parrello B, Pusch GD, Shukla M, Thomason JA, III, Stevens R,
Vonstein V, Wattam AR, Xia F. 2015. RASTtk: a modular and extensible
implementation of the RAST algorithm for building custom annotation
pipelines and annotating batches of genomes. Sci Rep 5:8365. https://
doi.org/10.1038/srep08365.
23. Overbeek R, Olson R, Pusch GD, Olsen GJ, Davis JJ, Disz T, Edwards RA,
Gerdes S, Parrello B, Shukla M, Vonstein V, Wattam AR, Xia F, Stevens R.
2014. The SEED and the Rapid Annotation of microbial genomes using
Subsystems Technology (RAST). Nucleic Acids Res 42:D206–D214. https://
doi.org/10.1093/nar/gkt1226.
24. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, Formsma K,
Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman AL,
Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch GD,
Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O. 2008.
The RAST server: Rapid Annotations using Subsystems Technology. BMC
Genomics 9:75. https://doi.org/10.1186/1471-2164-9-75.
25. Tatusova T, DiCuccio M, Badretdin A, Chetvernin V, Nawrocki EP,
Zaslavsky L, Lomsadze A, Pruitt KD, Borodovsky M, Ostell J. 2016. NCBI
prokaryotic genome annotation pipeline. Nucleic Acids Res 44:
6614 – 6624. https://doi.org/10.1093/nar/gkw569.
26. Tatusov RL, Galperin MY, Natale DA, Koonin EV. 2000. The COG database:
a tool for genome-scale analysis of protein functions and evolution.
Nucleic Acids Res 28:33–36. https://doi.org/10.1093/nar/28.1.33.
27. Yin Y, Mao X, Yang J, Chen X, Mao F, Xu Y. 2012. dbCAN: a Web resource
for automated carbohydrate-active enzyme annotation. Nucleic Acids
Res 40:W445–W451. https://doi.org/10.1093/nar/gks479.
28. Lowe TM, Chan PP. 2016. tRNAscan-SE on-line: integrating search and
context for analysis of transfer RNA genes. Nucleic Acids Res 44:
W54 –W57. https://doi.org/10.1093/nar/gkw413.
29. Parks DH, Imelfort M, Skennerton CT, Hugenholtz P, Tyson GW. 2015.
CheckM: assessing the quality of microbial genomes recovered from
isolates, single cells, and metagenomes. Genome Res 25:1043–1055. https://
doi.org/10.1101/gr.186072.114.
30. Rodriguez-R LM, Konstantinidis KT. 2016. The enveomics collection: a
toolbox for specialized analyses of microbial genomes and metagenomes.
PeerJ 4:e1900v1. https://doi.org/10.7287/peerj.preprints.1900v1.
31. Konstantinidis KT, Rosselló-Móra R, Amann R. 2017. Uncultivated mi-
crobes in need of their own taxonomy. ISME J 11:2399 –2406. https://
doi.org/10.1038/ismej.2017.113.
32. Krzywinski M, Schein J, Birol I, Connors J, Gascoyne R, Horsman D,
Jones SJ, Marra MA. 2009. Circos: an information aesthetic for com-
parative genomics. Genome Res 19:1639 –1645. https://doi.org/10
.1101/gr.092759.109.
Genome Announcements
Volume 6 Issue 11 e00150-18 genomea.asm.org 3
